appears to have started in limited areas of eastern Australia in the earliest Serpukhovian, 22 followed by a long interglacial, whereas data from South America and Tibet suggest 23 glaciation throughout the Serpukhovian. New farfield data from the Woodland, 24
Throckley and Rowlands Gill boreholes in northern England allow this inconsistency to 25 be addressed. Rowlands Gill boreholes in northern England by Stephenson et al. (2008) . 86
Here new brachiopod δ shallowing-upward and coarsening-upward trends (mudstone to sandstone), occasionally 107 incised into cycles below. Locally shoreline or marine sandbar facies also occur (Tucker 108 et al. 2009 ).
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In the Woodland Borehole, brachiopods were recovered in abundance from limestones 110 (Faraday House Shell-Bed, Crag Limestone, and Rookhope Shell-Beds Limestone), and 111 mudstones, particularly between the Crag Limestone and Rookhope Shell-Beds 112 Limestone (Fig. 3) . Samples for δ 13 C org were taken from mudstones and limestones in 113 mainly transgressive parts of cyclothems in the Throckley and Rowlands Gill boreholes 114 (Fig. 4) . 115
Stratigraphically significant fossils occur in the sections and allow the brachiopod-116 bearing horizons and the horizons from which samples for δ 13 C org were taken to be 117 precisely dated to the regional Carboniferous substages of Western Europe (Heckel & 118 Clayton 2006) and in some cases to the standard global stages. 119 Einor et al. 1979) . 149
Age of the sections
The Woodland borehole was also studied for palynology by Neves (1968) . The section 150 between the Crag Limestone and Lower Fell Top Limestone (Fig. 4) in the different studies) we analysed all the thin sections of the brachiopod shells with the 221 same instrument operating under the same beam conditions. 222
The brachiopods were sampled for geochemical and isotope analysis by drilling 6-8 223 milligrams along the longitudinal section of each shell using a diamond drill bit. Only the 224 diagenetically-unaltered inner part of the thick secondary and tertiary shell layer of both 225 the ventral and dorsal valves was sampled for geochemical and isotope analyses (Table  226 1). Features such as the muscle attachment areas, articulation points, interareas and 227 lophophore support were avoided, although Parkinson et al. (2005) showed there is a 228 minimal risk when sampling specialised shell fragments. 229
Subsamples for geochemical analysis were dissolved in ultra-pure acetic acid. the VPDB scale using a within-run laboratory standard calibrated against NBS standards. 238
Analytical reproducibility of the standard calcite (KCM) is < 0.1‰ for δ 13 C and δ 18 O. 239
All samples for organic carbon isotope analysis were treated to remove any migrated 240 hydrocarbons since these affect δ 13 C org bulk values, particularly if they are markedly 241 different in geochemical origin from the in situ material analysed (Stephenson et al. 242 2005). The hydrocarbons were removed by using a soxhlet apparatus on crushed samples 243 (Stephenson et al. 2005) . In order to determine the δ 13 C values of different fractions of 244 organic material, separate analyses were done on hydrocarbon-free rock samples and on 245 12 microscopic fossil wood fragments from the same rock samples. To obtain microscopic 246 fossil wood fragments, each sample was acid macerated in hydrofluoric acid, and the 247 organic residue rinsed and sieved into two different size fractions. The fraction 500-1000 248 µm size was exclusively of terrestrial vascular plant origin, dominated by dark brown or 249 black structured woody phytoclasts, and this was analysed to determine δ 13 C of wood 250 fragments. %C was measured using a Carlo Erba 1500 elemental analyser, calibrated 251 against an Acetanilide standard in order to estimate the amount of material for isotope 252
analysis. Replicate analysis of well-mixed samples indicated a precision of + <0.1%. 253 13 C/ 12 C analyses were performed also using the Carlo Erba 1500 on-line to a VG 254
TripleTrap (plus secondary cryogenic trap in the mass spectrometer for these very low 255 carbon content samples) and Optima dual-inlet mass spectrometer, with δ 
Results and discussion

261
Shell structure 262
All the brachiopod sections were analysed under SEM (see the ultrastructure summary in 263 Table 1 ). Most of the valves have a well-preserved shell succession consisting of a 264 secondary layer of fibres or laminae and a prismatic tertiary layer. 265
The secondary layer of the spiriferids (Anthracospirifer sp., Angiospirifer sp., 266
Angiospirifer trigonalis) consists of long fibres with a keel and saddle profile in cross 267 prismatic tertiary layer by lateral spreading of the terminal face of each fibre and then by 269 vertical accretion to form discrete prisms; they show interlocking boundaries normal to 270 the surface of accretion and strong growth banding (Fig. 6 d-j) . Some specimens show 271 evidence of diagenetic alteration under SEM, the fibres of the secondary layer being 272 recrystallized and amalgamated corresponding to type-3 (Fig. 6 k) when strontium-rich biogenic calcite was formed from high Sr/Ca oceanic waters. 314
Woodland brachiopods were analyzed for TE where possible, but in some cases too little 315 carbonate was available after isotope analysis (Table 1 ). The brachiopods have Mn 316 contents <210 ppm (and 80% have Mn < 100 ppm) and Sr contents >500 ppm, which 317 indicates good preservation, based on most criteria described above. The analyses of the 318 bulk rock (Table 1) In most cases these were broad surveys using a large number of analyses to indicate 339 trends. In some cases, specimens were not identified other than as brachiopods, with 340 many being small fragments, thus effects of generic or specific variation cannot be ruled 341 out. 342
In the US Midcontinent and Russia, the later (Bashkirian) part of Glacial II of Isbell et al. Pendleian to the Chokierian (Fig. 1) . This increasing trend is also mirrored in the lower 401 parts of the boreholes by δ 13 C from organic carbon separated from limestone (Fig. 4) . The 402 occurs in both boreholes; (2) the data come from a random collection of mainly wood 404 fragments; (3) wood fragments alone show the same trend (Fig 4) ; and (4) 
